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Abstract 
The article deals with the possibility of using digital image correlation method in experimental determining of damping ratio. The essence 
of the article is a proposal of algorithm for the processing of a time responses measured by correlation system Q-450 Dantec Dynamics. 
The algorithm uses a Fast Fourier Transformation and bandwidth method to calculate a damping ratio. The output is a graphical 
representation of the value of damping ratio for given natural frequency of the test object. The article presents the method of verification 
by testing algorithm on numerical models and its practical application in determining the value of damping ratio of a specimen material. 
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Nomenclature 
k stiffness 
c linear damping coefficient  
m  mass 
f frequency 
Greek symbols 
ζ damping ratio 
Ȧ0 (undamped) natural frequency 
1. Introduction 
Modal parameters characterizing the dynamic behavior of an object or a mechanical system are determined in a process 
known as modal analysis [1-4]. Knowing the natural frequencies, eigenshapes of vibration and damping ratio is necessary, 
particularly in developing of numerical models and to solve various problems in the field of vibration or acoustics. One of 
the most common approach is the experimental determination of modal parameters, which includes a statement of the 
relation between the measured variables in time and frequency domain. 
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For measuring of the system responses are mostly used conventional sensors of displacements, velocity or acceleration 
[4]. To measure the deviations of oscillation there is also possible to use advanced optical methods which are able to record 
changes in the position of surface points of an object over time. One of these methods is the high-speed digital image 
correlation which uses digital image registration technique for measuring of the spatial displacements. [5, 6].  
In this article the main attention is devoted to the experimental estimate of damping ratio measured by the correlation 
system Q-450 [7] with two high-speed cameras Speed Sense Phantom. 
2. Determination of the damping ratio 
Damping is a phenomenon by which mechanical energy is dissipated (usually converted as thermal energy) in dynamic 
system. We know three primary mechanisms of damping: 
• internal damping (of material) 
• structural damping (at joints and interface) 
• fluid damping (through fluid-structure interactions) 
Internal (material) damping originates from energy dissipation associated with: 
• microstructure defects (grain boundaries, impurities) 
• thermo elastic effects (cause by local temperature gradients) 
• eddy-current effects (ferromagnetic materials) 
• dislocation motion in metals, etc. 
Damping can be represented by various parameters. We can made damping measurements in time and frequency domain. 
The basic difference between these two types is that the first type uses a time-response record of the system to estimate 
damping, where as the second type uses frequency-response record [8]. 
The algorithm described in the next chapter works on the bandwidth method based on frequency response. Damping ratio 
is calculated from the width of frequency band, which boundary frequencies f1 and f2 correspond to the decrease of 3 dB in 
response magnitude, as shown in Fig. 1. In the case of weak damping when fres ≅ fd the damping ratio can be calculated 
from the relation [4]: 
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Fig. 1. Bandwidth method of damping estimation in MDOF system 
3. Proposal of an algorithm for calculating the damping ratio 
Fig. 2 shows a block diagram illustrating the operation principle of the algorithm. Its task is to transform the time courses 
of measured quantities in the frequency domain using fast Fourier transformation, to determine the frequency response 
function, to identify peak frequencies and to calculate the damping ratio at the selected frequency. The result is a graphical 
representation of the value of damping ratio at each response measurement point by the system Q-450. For the most 
accurate reading of the boundary frequencies f1 and f2 there is needed to interpolate the frequency dependence, which 
increases the original sampling rate for a sequence to a higher rate. 
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Fig. 2. Working principle of a computing algorithm 
Model of a damped SDOF system (Fig. 3) was used to test the algorithm. This model was excited by a unit-impulse 
force.  
Fig. 3. Model of a damped SDOF system 
Its natural frequency f1 and damping ratio ζ can be determined from the dynamic equation of motion as follows: 
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To obtain the time course of excitation force and response, the model of the system was created in Matlab/Simulink. Its 
block diagram is shown in Fig. 4. 
Fig. 4. Block diagram of SDOF system excited by a unit impulse 
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Exported time courses (Fig. 5) were processed by the algorithm according to procedure shown in Fig. 2. Their frequency 
spectrums are shown in Fig. 6. 
   
Fig. 5. Time courses of excitation force and system vibration response 
      
Fig. 6. Frequency spectrums of excitation force and system vibration response 
Fig. 7. Frequency response function 
The value of damping ratio resulted from the bandwidth analysis of frequency response function (Fig. 7) and is equal to 
0.01574. This result is consistent with the results of analytical solution. 
Since, we currently cannot record an excitation effect by system Q-450, so we can only determine the damping ratio from 
the measured response of an object. For this reason, in the second case the model was exciting for a one second by a 
harmonic force with frequency corresponding to natural frequency. Subsequently, the deflections of oscillation were 
damped due to the damping. The damping ratio was thus determined from the frequency response of deflections, not from 
model's FRF. This type of excitation corresponds to the way of real specimen excitation during the experimental 
measurement described in the following chapter. System model created in Simulink is shown in Fig. 8. 
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Fig. 8. Block diagram of SDOF system excited by a harmonic force 
Fig. 9 shows the time courses of excitation force and the measured response of the model. The time course of the 
deflections measured in the time from 1 to 10 seconds was used to determine the damping ratio. Based on numerical 
analysis of the frequency response spectrum (shown in Fig. 10), the algorithm calculate the value of the damping ratio of 
0.01575.  As well as in the previous example, it corresponds to the analytical solution. 
   
Fig. 9. Time courses of excitation force and system vibration response 
Fig. 10. Frequency spectrum of system vibration response 
Results of testing of the algorithm using the numerical models show that the algorithm works correctly and the proposed 
measurement methodology can be used for experimental estimation of the damping ratio using the DIC method. 
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4. Experimental estimation of the damping ratio 
The object of measurement was a thin rectangular plate with dimensions 150 x 200 mm. It was made of steel sheet 
thickness of approx. 0.85 mm. During the experiment, it was firmly fixed to the frame (Fig. 11). The specimen was excited 
acoustically - using powerful amplifier and subwoofer. The high-speed correlation system Q-450 (Fig. 11) was used for 
measuring. Frequency of capture was 1000 fps and acquisition time was 1 second. 
     
Fig. 11. Fixing of the specimen (left), configuration of the system Q-450 (right) 
The first task was to determine the natural frequencies of the specimen. For this purpose, the specimen was excited by 
white noise while the camera recorded the deflections of surface points. The evaluation of measurement was performed in 
program Modan v.1.0 [9, 10] created at the Department of Applied Mechanics and Mechatronics, Faculty of Mechanical 
Engineering, TU of Košice, especially for correlation system Q-450. Natural frequencies of specimen determined by 
measurement are shown in Table 1. 
Table 1.  Natural frequencies of the specimen determined in Modan 
Mode 1. 2. 3. 4. 5. 6. 7. 
Frequency [Hz] 22 62 140 195 212 384 405 
To determine value of the damping ratio, the specimen was exciting for a one second by a harmonic force with frequency 
corresponding to one of its natural frequencies. Subsequently, cameras recorded spatial displacements of the vibrating 
surface points. Time courses obtained in this way were exported from Istra4D [11] into the hdf5 files and subsequently 
processed by establishing algorithm. Fig. 12 shows the average frequency spectrum of the measured response at the 
excitation with frequency of 22 Hz. It stands to reason that the higher harmonic frequencies were excited.  
Fig. 12. Average frequency spectrum of the measured response  
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The algorithm calculated the value of the damping ratio for each of the peak frequencies and at each measuring point. In 
Fig. 13a is a color spectrum showing the value of the damping ratio of the individual points at the peak frequency of 21.48 
Hz. Gaussian curve in Fig. 13b characterizes the distribution of values of the damping ratio on the specimen surface. The 
deducted maximum value can be regarded as a final value of specimen damping ratio at this frequency. 
(a)      (b)
Fig. 13 (a) Distribution of the damping ratio values, (b) Gaussian distribution of a damping ratio 
Similarly, the damping ratio values were determined for higher harmonics frequencies. All measured values are shown in 
Table 2. 
Table 2. Damping ratio 
f0 2f0 3f0 4f0 5f0 6f0
Frequency [Hz] 21.48 42.97 63.48 84.96 106.4 127.9 
ȗ 0.0543 0.0531 0.0574 0.0519 0.0554 0.0528 
Conclusion 
The article describes the method for determining of the material damping ratio when the response is measured by high 
speed correlation system Q-450. In the future, the proposed algorithm for processing of the measured data should complete 
the functions of Modan program that is developed as a complex tool for modal analysis and analysis of vibration.  
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